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FUEL CELL EQUIPPED VEHICLE 



FIELP OF T HE INVENTION 



5 



The invention relates to a fuel cell equipped vehicle. 



BACKGROUND OF THE INVENTION 
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Heretofore, various fuel cell equipped vehicles wherein a fuel cell is so 
disposed as to prevent to the utmost a reduction in space of a cabin have been 



proposed. For instance, Japanese Patent Application Laid-Open No. 2001-268720 
discloses a fuel cell equipped vehicle wherein a fuel cell, a hydrogen occlusion alloy 
tank, fuel cell auxiliaries, and a battery unit are disposed in their horizontal states 
direcdy below a cabin floor between front wheels and rear wheels. 

According to Japanese Patent Application Laid-Open No. 2001-268720, 
however, the fuel cell is disposed directly below a floor of the cabin, namely, outside 
a vehicle passenger room. Therefore, the fuel cell is exposed to dust or slop while 
, the vehicle is running. As a result, maintenance of the fuel cell is troublesome in 
some cases. 



It is an object of the invention to provide a fuel cell equipped vehicle wherein 



A fuel cell equipped vehicle in accordance with a first aspect of the invention 
is provided with a fuel cell that generates electricity through a reaction of fuel gas and 
oxidation gas, and the fuel cell is disposed in a vehicle passenger room. This fuel 
cell is disposed in the vehicle passenger room and is therefore protected from dust or 
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DISCLOSURE OF THE INVENTION 



maintenance of a fuel cell is easy to carry out. 



30 



slop. Accordingly, maintenance of the fuel cell is easier to carry out in comparison 
with a case where the fuel cell is exposed to dust or slop. 



BEST AVAILABLE COPY 
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The "fuel cell" may be designed to supply electric power to a motor for 
driving the vehicle. Alternatively, the "fuel cell" may be designed to supply electric 
power to other on-vehicle units (e.g., an air conditioner, an audio-visual equipment, a 
navigation system, a lighting fixture, and the like). Further, it is preferable that the 

5 "vehicle passenger room" be equipped with a cooling/heating system. 

In a fuel cell equipped vehicle in accordance with a second aspect of the 
invention, the aforementioned first aspect is modified such that the fuel cell is 
disposed in a fuel cell recess portion of a floor panel. In this construction, the fuel 
cell can be accommodated without protruding very far above a reference plane (a 

10 plane including positions corresponding to feet of passengers) of the floor panel. In 
this case, it is also appropriate to prevent the passengers from feeling a sense of 
incongruity by covering the floor panel with a cover (e.g., a carpet or the like). This 
fuel cell recess portion may be so formed as to be interposed between a pair of 
underfloor reinforcements constituting a monocoque structure of the fuel cell 

15 equipped vehicle. 

In a fuel cell equipped vehicle in accordance with a third aspect of the 
invention, the aforementioned first or second aspect is modified such that the vehicle 
comprises a storage battery for storing electric energy, and that the storage battery is 
disposed in the vehicle passenger room. In this construction, the storage battery is 

20 also protected from dust or slop. Therefore, maintenance of the storage battery is 
easier to carry out in comparison with a case where the storage battery is exposed to 
dust or slop. 

The "storage battery" may be designed to supply electric power to a motor for 
driving the vehicle. Alternatively, the "storage battery" may be designed to supply 
25 electric power to other on-vehicle units (e.g., an air conditioner, an audio-visual 
equipment, a navigation system, a lighting fixture, and the like). Further, the 
"storage battery" may be a secondary battery (e.g., a nickel-hydrogen secondary 
battery, a nickel-cadmium secondary battery, a lithium-hydrogen secondary battery, a 
lead-acid battery, or the like) that stores electric energy through an electrochemical 
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reaction. Alternatively, the "storage battery" may be a capacitor that directly stores 
electric energy. 

In a fuel cell equipped vehicle in accordance with a fourth aspect of the 
invention, the aforementioned third aspect is modified such that the storage battery is 
5 disposed in a storage battery recess portion of the floor panel. In this construction, 
the storage battery can be accommodated without protruding very far above the 
reference plane of the floor panel. In this case, it is also appropriate to prevent 
passengers from feeling a sense of incongruity by covering the floor panel with a 
cover (e.g., a carpet or the like). The storage battery recess portion may be 

10 accommodated in a staged recess portion which forms part of the floor panel and 
which is provided at a position corresponding to feet of passengers seated in rear 
seats, with an upper face of the storage battery being substantially coincident with the 
reference plane of the floor panel. 

In a fuel cell equipped vehicle in accordance with a fifth aspect of the 

15 invention, the aforementioned third aspect is modified such that the fuel cell is 

disposed below the front seats, and that the storage battery is disposed at a position 
corresponding to feet of passengers seated in the rear seats. In this construction, the 
vehicle has a low center of gravity and is suitably balanced in a longitudinal direction 
thereof. As a result, the vehicle demonstrates good running stability. In this case, 

20 both the fuel cell and the storage battery may be disposed with their longitudinal 
directions being coincident with a lateral direction of the vehicle. In this 
construction, the front and rear seats are longer in the lateral direction of the vehicle 
than in the longitudinal direction of the vehicle. Thus, the fuel cell can be easily 
disposed below the front seats, while the storage battery can be easily disposed at a 

25 position corresponding to feet of passengers seated in the rear seats. The fuel cell 

may be so formed as to be higher than the storage battery. That is, since the fuel cell 
is disposed below the front seats, there is little possibility of a problem being caused 
even if the fuel cell is great in height. On the other hand, since the storage battery is 
disposed at the position corresponding to feet of passengers seated in the rear seats, it 

30 is preferable that the storage battery be lowered in height. 
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In a fuel cell equipped vehicle in accordance with a sixth aspect of the 
invention, the aforementioned third aspect is modified such that the fuel cell is 
disposed at the position corresponding to feet of passengers seated in the rear seats, 
and that the storage battery is disposed below the front seats. 
5 In a fuel cell equipped vehicle in accordance with a seventh aspect of the 

invention, any one of the aforementioned first to sixth aspects is modified such that 
the vehicle further comprises a fuel gas feed unit for supplying the fuel cell with fuel 
gas, and that the fuel gas feed unit is disposed outside the vehicle passenger room. 
Thus, fuel gas seldom enters the vehicle passenger room from the fuel gas feed unit. 

10 In this case, the fuel gas feed unit may be disposed behind the rear seats. This 
construction is preferred from the standpoint of the balance of weight. 

In a fuel cell equipped vehicle in accordance with an eighth aspect of the 
invention, any one of the aforementioned first to seventh aspects is modified such that 
the vehicle further comprises a motor for driving at least either front wheels or rear 

15 wheels, and that electric power of at least one of the fuel cell and the storage battery is 
supplied to the motor. In this construction, the invention can be suitably applied to a 
vehicle that runs with its' motor being supplied with electric power of a fuel cell and a 
storage battery. 

In a fuel cell equipped vehicle in accordance with a ninth aspect of the 
20 invention, any one of the aforementioned first to eighth aspects is modified such that 
the vehicle further comprises fuel cell auxiliaries constituting auxiliaries of the fuel 
cell, and that the fuel cell auxiliaries are disposed in a vehicle front room. The fuel 
cell auxiliaries may be disposed around the fuel cell. Furthermore, the fuel cell 
auxiliaries may be disposed on or below the floor panel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram of a fuel cell equipped vehicle; 

Fig. 2 is a schematic plan view of the fuel cell equipped vehicle; 

Fig. 3 is a schematic cross-sectional view of the fuel cell equipped vehicle; 
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Fig. 4A is a perspective view illustrating how the fuel cell and a storage 
battery are arranged on a floor panel; and 

Fig. 4B is a cross-sectional view which is taken along a line A-A of Fig. 4A 
and which illustrates how the fuel cell and the storage battery are arranged on the 
5 floor panel. 

DETAILED DESCRIPTION OF PREFER RED EMBODTMFNT 

In order to further elucidate the invention, a preferred embodiment thereof will 

10 be described hereinafter with. reference to the drawings. . Fig. 1 is a block diagram of 
a fuel cell equipped vehicle. Fig. 2 is a schematic plan view of the fuel cell equipped 
vehicle of this embodiment. Fig. 3 is a schematic cross-sectional view of the fuel 
cell equipped vehicle. Fig. 4 illustrates how the fuel cell and a storage battery are 
arranged on a floor panel. Fig. 4A is a perspective view, and Fig. 4B is a cross- 

15 sectional view taken along a line A-A of Fig. 4 A. 

As illustrated in Fig. 1, a fuel cell equipped vehicle 10 of this embodiment 
mainly includes a front-left-wheel motor 14, a front-right- wheel motor 16, hydrogen 
gas cylinders 18, a fuel cell 30, a storage battery 40, and a power control unit 
(hereinafter referred to as "PCU") 50. As illustrated in Fig. 3, the fuel cell equipped 

20 vehicle 10 includes a vehicle passenger room Rl, a vehicle front room R2, and a 

vehicle rear room R3. In the vehicle passenger room Rl, front seats 60 (a driver seat 
and an assistant driver seat) and rear seats 62 are arranged. The vehicle front room 
R2 is provided on the side of front wheels, is separated from the vehicle passenger 
room Rl by a dash panel 12, and serves as an engine room or the like. The vehicle 

25 rear room R3 is provided on the side of rear wheels, and serves as a luggage room or 
the like. The vehicle passenger room Rl can be heated and cooled by an air 
conditioner (not shown). 

In the fuel cell equipped vehicle 10 of this embodiment, a space formed 
therein is divided into predetermined spaces, namely, the vehicle passenger room Rl, 

30 the vehicle front room R2, and the vehicle rear room R3. However, since there are 
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many vehicles that are different in configuration from the vehicle 10 employed in this 
embodiment, a vehicle of any configuration can be employed in the invention as long 
as the fuel cell 30 can be mounted therein. In this case, the vehicle passenger room 
Rl can be defined as a space which is above the floor panel 20 in a vertical direction 
5 and which is from a dash panel to a far rear end of a seat in a longitudinal direction. 
However, some vehicles of a certain configuration dispense with both or one of the 
vehicle front room R2 and the vehicle rear room R3. The vehicle front room R2 is 
defined as a predetermined space which is located atleast outside the. vehicle _ , 
passenger room Rl &nd which is provided in front of the vehicle passenger room Rl. 
10 The vehicle rear room R3 is defined as a predetermined space which is located at least 
outside the vehicle passenger room Rl and which is provided behind the vehicle 
passenger room Rl . 

The front-left-wheelmotor 14 is a in-wheel motor that is mounted in a front- 
left wheel FLW, and serves to rotate an axle of the front-left wheel FLW. The front- 
15 right- wheel motor 16 is a in-wheel motor that is mounted in a front-right wheel FRW, 
arid serves to rotate an axle of the front-right wheel FRW. Because the front-left- 
wheel motor 14 and the front-right-wheel motor 16 are separated from each other, a 
relatively large space is formed between both the motors 14 and 16 in the vehicle 
front room R2. Disposed in this space are fuel cell auxiliaries 31, which will be 
20 described later. 

Each of the hydrogen gas cylinders 1 8 is a container in which hydrogen gas as 
a fuel gas to be supplied to the fuel cell 30 is compressed and accumulated at a high 
pressure. In this embodiment, the hydrogen gas cylinders 18 are arranged in parallel. 
These hydrogen gas cylinders 18 are disposed below the floor panel 20 for separating 
25 an inner space (inside the vehicle) and an outer space (outside the vehicle) of the 

vehicle passenger room Rl from each other. Namely, the hydrogen gas cylinders 18 
are disposed in the outer space (outside the vehicle). 

The fuel cell 30 is a known fuel cell of solid polyelectrolyte type, has a stack 
structure established by laminating a plurality of single cells as constitutional units, 
30 and functions as a high-voltage power source (several hundred V). In each of the 
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single cells constituting the fuel cell 30, as illustrated in Fig. 1, hydrogen gas (fuel 
gas), which has flown from the hydrogen gas cylinder 18 and whose pressure and 
flow rate have been adjusted by a mass flow controller 32, is humidified by a 
humidifier 33 and is then supplied to an anode. Compressed air (oxidation gas), 
5 whose pressure has been adjusted by an air compressor 34, is supplied to a cathode. 

With the progress of a predetermined electrochemical reaction, an electromotive force 
is generated. That is, hydrogen is separated into protons and electrons in the anode. 
The protons separated from hydrogen in the^ anode are conveyed through a solid 
polyelectrolyte membrane and reach the cathode. At the same time, the electrons 
10 separated from hydrogen in the anode pass through an electric wire connected via a 

load, and reach the cathode. Oxygen is coupled with the electrons and the protons in 
the cathode, so that water is produced. With the progress of the electrochemical 
reaction described hitherto, an electromotive force is generated. 

As illustrated in Figs. 3 and 4, the fuel cell 30 is accommodated in a first 
15 recess portion 22 which forms part of the floor panel 20 of the vehicle passenger room 
Rl and which is provided below the front seats 60, with an upper portion of the fuel 
cell 30 protruding above a reference plane 20a of the floor panel 20. That is, the fuel 
cell 30 is disposed inside the vehicle passenger room Rl . Because the vehicle 
passenger room Rl is equipped with a cooling/heating system, the fuel cell 30 may 
20 also be regarded as being disposed in an air conditioned environment. Further, the 
fuel cell 30 is disposed with its longitudinal direction being coincident with a lateral 
direction of the vehicle. In addition, the first recess portion 22 for accommodating 
the fuel cell 30 is so formed as to be interposed between a pair of underfloor 
reinforcements 64 and 66, which constitute a monocoque structure of the fuel cell 
25 equipped vehicle 10 (see Fig. 4B). 

The fuel cell auxiliaries 31 include a hydrogen gas circulation pump 35, a 
water pump 36, an FC controller 37 (FC is an abbreviation of "fuel cell") and the like, 
as well as the above-mentioned components, namely, the mass flow controller 32, the 
humidifier 33, and the air compressor 34. The hydrogen gas circulation pump 35 
30 resupplies to the fuel cell 30 unreacted hydrogen gas that has been discharged 
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therefrom. The water pump 36 causes coolant for cooling the fuel cell 30 to 
circulate between the fuel cell 30 and a radiator 39. The FC controller 37 outputs 
control signals for controlling amounts of gas to be supplied to the mass flow 
controller 32 and the air compressor 34, on the basis of a pedal position detected by 
5 an accelerator pedal sensor (not shown) and values detected by various sensors. 
These components are disposed in the vehicle front room R2 while being 
accommodated in an auxiliary box. The fuel cell auxiliaries 3 1 are disposed between 
the front-left- wheel motor 14 and the front-right- wheel motor 16 in the vehicle front 
room R2. The fuel cell auxiliaries 31 may be supplied with electric power from a 

10 low-voltage (e.g., 12V) battery (not shown). Alternatively, the fuel cell auxiliaries 
31 may be supplied with electric power that has been lowered in voltage by the PCU 
50 after being delivered from the fuel cell 30 and the storage battery 40. 

The storage battery 40 has a structure established by connecting in series a 
plurality of known nickel-hydrogen storage batteries, and functions as a high-voltage 

15 power source (several hundred V). By being controlled by the PCU 50, the storage 
battery 40 drives the motors 14 and 16 during takeoff of the vehicle, recovers 
regenerative power from the motors 14 and 16 during deceleration and regeneration of 
the vehicle, assists the motors 14 and 16 during acceleration of the vehicle, and is 
charged by the fuel cell 30 in accordance with a load. As illustrated in Figs. 3 and 4, 

20 the storage battery 40 is accommodated in a second recess portion 24 which forms 

part of the floor panel 20 and which is provided at a position corresponding to feet of 
passengers seated in the rear seats 62, with an upper face of the storage battery 40 
being substantially coincident with the reference plane 20a of the floor panel 20. 
That is, the storage battery 40 is disposed inside the vehicle passenger compartment 

25 Rl. Further, the storage battery 40 is disposed with its longitudinal direction being 
coincident with the lateral direction of the vehicle. As long as the storage battery 40 
can be charged with electricity and can discharge electricity, it may be of any type. 
For instance, the storage battery 40 may be a nickel-cadmium secondary battery, a 
lithium-hydrogen secondary battery, a lead-acid battery, a capacitor or the like, 

30 instead of a nickel-hydrogen secondary battery. 
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The floor panel 20 is entirely covered with a floor cover 26 (see Fig. 3) with 
the fuel cell 30 and the storage battery 40 being accommodated in the first recess 
portion 22 and the second recess portion 24 respectively. Because the floor cover 26 
exists, passengers can enter the vehicle passenger room Rl without feeling a sense of 
5 incongruity. 

The PCU 50 is disposed in the vehicle front room R2, and is provided with a 
controller portion 52 and an inverter portion 54. The controller portion 52 is 
constructed as a logic circuit including a microcomputer as a main component. The 
inverter portion 54 converts high-voltage direct current flowing through the fuel cell 

10 30 and the storage battery 40 and alternating current flowing through the drive motors 
14 and 16 into each other. In accordance with loads applied to the motors 14 and 16 
and an amount of electricity stored in the storage battery 40, the controller portion 52 
of the PCU 50 performs a control operation of supplying the motors 14 and 16 and the 
storage battery 40 with electric power generated by the fuel cell 30 or a control 

15 operation of supplying the drive motors 14 and 16 with electric power stored in the 
storage battery 40. More specifically, when large loads are applied to the motors 14 
and 16, for example, during acceleration or the like of the vehicle, electric power 
generated by the fuel cell 30 and electric power stored in the storage battery 40 are 
supplied to the motors 14 and 16. Further, during deceleration, braking or the like of 

20 the vehicle, regenerative electric power obtained from the motors 14 and 16 is 
supplied to the storage battery 40. 

In the fuel cell equipped vehicle 10 constructed as described above according 
to this embodiment, the fuel cell 30 and the storage battery 40 are disposed on the 
floor panel 20 of the vehicle passenger room Rl, namely, inside the vehicle passenger 

25 room Rl, and are therefore protected from dust or slop. Accordingly, maintenance 
of the fuel cell 30 and the storage battery 40 is easier to carry out in comparison with 
a case where they are exposed to dust or slop. Further, the fuel cell 30 and the 
storage battery 40 are disposed in the first recess portion 22 and the second recess 
portion 24, which form part of the floor panel 20. Therefore, the fuel cell 30 and the 
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storage battery 40 can be accommodated without protruding Very far above the 
reference plane 20a of the floor panel 20. 

In addition, the fuel cell 30 and the storage battery 40 are relatively heavy 
components, and are disposed below the front seats 60 and at the feet of passengers 
5 seated in the rear seats 62, respectively. Thus, the vehicle has a low center of gravity 
and is suitably balanced in a longitudinal direction thereof. As a result, the vehicle 
demonstrates good running stability. In this case, the fuel cell 30 and the storage 
battery 40 are disposed with their longitudinal directions beingcoincident.with the_ 
lateral direction of the vehicle, in consideration of the fact that the front seats 60 and 

10 the rear seats 62 are longer in the lateral direction of the vehicle than in the 

longitudinal direction of the vehicle. The storage battery 40 is lower than the fuel 
cell 30, and the upper face of the storage battery 40 substantially coincides with the 
reference plane 20a of the floor panel 20. Therefore, passengers seated in the rear 
seats 62 hardly feel a sense of incongruity at their feet. 

15 Furthermore, the hydrogen gas cylinders 18 as a fuel gas feed unit are 

disposed below the floor panel 20, namely, outside the vehicle passenger room Rl . 
Therefore, hydrogen gas seldom enters the vehicle passenger room R 1 . Because the 
hydrogen gas cylinders 1 8 are disposed behind the rear seats 62, the weight of the 
vehicle is suitably balanced in the longitudinal direction thereof, and an operation of 

20 filling hydrogen can be performed in a rear part of the vehicle. 

In this embodiment, the vehicle front room R2 is ample in space. Therefore, 
it is also possible to displace the front seats 60 slightly forwards so as to widen the 
space of the vehicle passenger room Rl . In this case, feet of passengers who sit 
down on or stand up from the front seats 60 may hit a lower portion 68 of a front body 

25 pillar (see Fig. 3). Therefore, it is preferable to ensure accessibility of the vehicle by 
setting a height thereof such that passengers can at least stand up in the vehicle 
passenger room Rl with a slight stoop. 

It is too obvious to mention that the invention is not limited to the 
aforementioned embodiment at all but can be implemented in various manners 

30 without departing from a technical scope thereof. 
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For instance, according to the aforementioned embodiment, the fuel cell 30 
and the storage battery 40 are disposed on the front and rear sides respectively in the 
vehicle passenger room R1-. It is also appropriate, however, that the fuel cell 30 be 
disposed on the rear side in the vehicle passenger room Rl and that the storage battery 

5 40 be disposed on the front side in the vehicle passenger room R 1 . 

Further, according to the aforementioned embodiment, the fuel cell auxiliaries 
31 are disposed in the vehicle front room R2. It is also appropriate, however, that 
the fuel cell auxiliaries 3 1 be disposed around the fuel cell 30 (e.g., in front of or on 
the right or left of the fuel cell 30). In this case, the fuel cell auxiliaries 31 may be 

10 disposed on the floor panel 20, namely, inside the vehicle passenger room Rl so as to 
be protected from dust or slop. Alternatively, the fuel cell auxiliaries 31 may be 
disposed below the floor panel 20, namely, outside the vehicle passenger room Rl so 
as to prevent dispersion of noise during operation or the like. 

Further, according to the aforementioned embodiment, the hydrogen gas 

15 cylinders 18 are adopted as a fuel gas feed unit. However, it is also possible to adopt 
a tank utilizing a hydrogen occlusion alloy which stores hydrogen gas at a 
temperature equal to or lower than a predetermined hydrogen storage temperature and 
which discharges hydrogen gas at a temperature higher than the predetermined 
hydrogen storage temperature. Alternatively, it is also possible to adopt a reformer 

20 which produces hydrogen rich gas through a reaction of hydrocarbon type fuel and 
water. 

Still further, according to the aforementioned embodiment, in-wheel motors 
are adopted as the front-wheel drive motors. It is also appropriate that a single motor 
rdtationally drive the front-left and front-right wheels. Alternatively, it is also 
25 appropriate that the vehicle be designed as a rear-wheel-drive vehicle or an all-wheel- 
drive vehicle instead of a front-wheel-drive vehicle. 

Still further, the aforementioned embodiment adopts an arrangement wherein 
both the fuel cell 30 and the storage battery 40 can be utilized as drive sources of the 
motors 14 and 16 (including, from the standpoint of control, cases where both the fuel 
30 cell 30 and the storage battery 40 drive the motors 14 and 16 and where only one of 
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the fuel cell 30 and the storage battery 40 drives the motors 14 and 16). It is also 
appropriate, however, that only one of the fuel cell 30 and the storage battery 40 be 
available as a drive source for the motors 14 and 16. For example, it is also 
appropriate that one of the batteries be available as a drive source for the motors 14 
5 and 16 and that the other battery be available as a power source for other units (e.g., 
auxiliaries). Alternatively, it is also appropriate that something other than the 
batteries 30 and 40 be provided as a drive source for the motors 14 and 16, and that at 
least one of the batteries 30 and 40 s_erye to assist the drive source. _ As described 
hitherto, it is appropriate that the motors 14 and 16 be so designed as to utilize at least 

10 one of the fuel cell 30 and the storage battery 40 as a drive source. 

In a fuel cell equipped vehicle 10. a fuel cell 30 is accommodated in a first 
recess portion 22 which forms part of a floor panel 20 of a vehicle passenger room Rl 
and which is provided below front seats 60. with an upper portion of t he fuel cell 30 
protruding above a reference plane 20a of the floor panel 20. That is. the fiiel cell 30 

15 is disposed inside the vehicle passenger room Rl and is protected from dust or slop. 

Accordingly, maintenance of the fuel cell 30 is easier to carry out in comparison with 
a case where it is exp osed to dust or slop. 
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